Gap junctions are clusters of aqueous channels that connect the cytoplasm of adjoining cells. Each cell contributes a hemichannel, or connexon, to each cell-cell channel. The cell-cell channels are permeable to relatively large molecules, and it was thought that opening of hemichannels to the extracellular space would kill cells through loss of metabolites, collapse of ionic gradients and influx of Ca
21
. Recent findings indicate that specific non-junctional hemichannels do open under both physiological and pathological conditions, and that opening is functional or deleterious depending on the situation. Most of these studies utilized cells in tissue culture that expressed a specific gap junction protein, connexin 43. Several such examples are reviewed here, with a particular focus on astrocytes.
Gap junctions mediate intercellular communication by providing ultrastructural cytoplasmic continuity, and they are integral to formation of the functional syncytium of astrocytes. Each of the joined cells contributes a hemichannel or connexon to each cell -cell channel ( Figure 1 ; Box 1). Each hemichannel comprises a hexamer of connexins arranged around a central pore, and the cellcell channels are gated by several stimuli, including transjunctional voltage, low pH and various pharmacological agents. Connexins are encoded by a gene family with at least 20 members in mammals [1] .
Gap-junction pores are nominally 1.0 -1.5 nm in diameter and are permeable to molecules of ,1 kDa [2]. Junctions formed from connexin 43 (Cx43), the predominant connexin in astrocytes, are permeable to Lucifer Yellow (443 Da, 22 charge) and propidium (420 Da, þ2 charge). Other connexins appear to be more charge selective: Cx32 is more permeable to anions and Cx45 is more permeable to cations [2] . Single-channel conductance varies widely, from , 15 pS for Cx36 [3] and 110 pS for Cx43 [4] to ,375 pS for Cx37 [5] . The maximum size of permeant species also varies. Such diversity in selectivity and conductance are likely to account for the expansion of the connexin family.
Why shouldn't hemichannels be open?
Given the permeability and conductance of gap junctions, and the expectation that an open hemichannel would have twice the conductance and permeability of a cell -cell channel (in terms of ion or molecular flux, rather than selectivity), it was thought unlikely that hemichannels in the non-junctional membrane would open [6] . Direct evidence for this was provided by measurements during formation of the first channel between a newly apposed pair of cells. Each cell was held at a different potential, and then when the first channel opened, increased current was seen in the cell held at a more positive potential and decreased (more negative) current was seen in the other cell, but the sum of the currents clamping the two cells remained constant [7] . Thus, there was no change in the current flowing into the extracellular space, and the hemichannels were closed before opening to form a cellcell channel. When expression of Cx46 in Xenopus oocytes was found to be fatal and to cause a large non-specific increase in membrane conductance in low Ca 2þ conditions, it seemed to be a rule that proved the exception: opening of (non-junctional) hemichannels is bad for cells, and something unusual about Cx46 expressed in oocytes allows hemichannel opening unless relatively high Ca 2þ concentrations are added to prevent it [8, 9] .
So are these really hemichannel currents?
The evidence for open hemichannels can be briefly summarized (and criticized). Macroscopically, the existence of hemichannels was initially inferred from a non-selective conductance that depended on exogenous expression of Box 1. Gap junctions -an overview † Gap junctions provide high-conductance, high-permeability pathways between cells, and mediate electrical coupling and exchange of small molecules. † Gap-junction channels comprise two hemichannels or connexons, one contributed by each of the participating cells. † A hemichannel is generally closed before docking with another hemichannel; both hemichannels then open in a ligand-gating reaction where the ligand and gate are the same molecules. † Recent data indicate that unapposed, non-junctional hemichannels can open under some conditions.
